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1. Title of Invention 

IMPROVED HEAT EXCHANGE 
PASSAGE CONNECTION 



2 . Claims 

1. AgBsiq«<komflniMdfMii«in»ch«imealvapordep^ 

A gas iiqnit mani&l^ 

a gas ou^nA manifold; and 

aconstairt voltage 8«fi=iite3sfeedthiou8hlavinga&st end dct^ 
ii^ maaifoW and a secoiul end detachjMy anach^ 

„*e«in the gas mput manifold comprises a coolam passage thaj does not actend into *e 
constant voltage gradient gas feedlhioqgh- 

2. Thegasinjcctlonmanifoldofclmml,whaeinliiecoolantpassagBi^ 

the gas input manifold. 

3. The gas injection manifold of clam 1. ^erm the coolant passage acleads solely thiough 
the gas mptit manifold 

4. itegasiiycctioninanifoWofclaiml,£ui^ 
the gas output manifold. 

5 . A gas distribution system for a chemical vapor deposition chamber, con^rising: 
a gas iiqiut manifold; 

a gas ou^vt manifold; 

aconstantvoltagegradieol gas feedthmughcoupledbetwcenthe gas input mamfoldaml the 

gas output manifold; 

a gas box coupled to the gas output manifold and having a blocker plate; 
a gas distribution plate disposed below the blocker plate; 



(9) «fgB¥ll-l 

a gas passageway extending through tto 
gfadifiol gas feeddirough. through g»s oui|n^ 

a cooUng fluid diannel formed solely witiun the gas inpul manifold, 

6. The gas delivery system of claim 5 fortiier coovrising a coolant liquid pool disposed in 
thermal comraurucation wth tfac gas box. 

7, The gas deUvery system of claim 5 further comprising a coolant liquid pool cfisposcd in 
thennal oomsmmcation with the gas distributioa plate 

«. The gas deliveiy system of claim 6 wherein the coolant liquid passage through the gas input 
manifold comprises a Uquid inlet and a Uqmd outlet, and further conqjcising a condmt coupled 
between die hquid outlets and the coolant liquid pool. 

9. The gas deUveiy systemof claim 7 wherein die coolant liquid passage through the g3s input 
manifold comprises a liquid mlct and a liquid oudct, and further comprising a conduit coupled 
between the Uquid outlets and the coolant liquid pool. 

10. The gas ddrvcry system ofclaim 5 whoxan the input and ou^ gas 
metal. 

U. The gas delivery system of claim 9 wherein the Uquid coolant pool defines a substantially 
annular cbanneL 

li The gas dcUvcry system of claim 9 whctdu the Uquid coolant pool dcGnes a substantially 
annular dtamber. 

13 The ^ delivery system of daim 12 fiittiier comprising: 
aradiaUycfisposedwaUdisposcdmthccoolantUqm^ 

and an outer annular sux&ce; and 

. <»oUnt Ucprid oulfcl pott, wberan the cooto ikim^ 
condmt oommiiiiicatevfith the coolant U<iukl pool onop^ 

14. Ttegasddh«,systBaofclaim5.ch«««te^ 
feedtou^maybedelachedwiflioiitopenmBtfwcooUiitfiqui^ 



3. Detailed of Invention 
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BACKGROUND OF THE INVENTION 
g|fjj««^«l|iT«ntion 

in a chemical vapor depoddon chamber. 

u •MHh««LTlietvwi«ctartgMe3mustbek*ptoool.ta 
eian*erwithinlhegasinamWdh«uL -nietwoieac b«» ^^hMteK 25 

IFB9S will icact to fonn a solid, tungsten siuaoc, » 

gasesvnuicaa . ^ the cooled gas mamfold head. Ihc gaseous 

r,.ntioHide ARM mixing the leactant gases mtnecooieoRio 
degrees cenngrade. Anetnittu* astern ^vheteby a umfoimdistribuiioii 

miKtuie is passed throu8Jias««dard gas distobuttonpUtt system. 
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of the gaseous tnixtaiB is iiitio<hic«l into TTms gweous mistae thcai 

inipinges upon a wafer wilhia the chainber. tA^^ 

aUdde oa &e wafer. 

ParticulatBCOiilamliiirtionpMMeiMhaveow^ 

pnor(Bt»i9di3tributioaplatchaswaiiiKritotcin^^ 

such plate v«niiiiigocans.ttie two gases leaaatitegasdstiibuflonplatetofonnlar^ particular 
that can contamioate the v«fa. Furftennorc, at tenq)eiatures greater than about 25 degrees 
ceDtigmde, deposits form and ckjg the gas distribution holes of the pUte to cause mevai 
dq»atioa AdditionaUy . a lay er of tongsten siUdde nay ta on the inner smfice of the iflate and 
laiH etete ofifm laiBB particulates winch rain down i?)oa die wafer to cn^ 
silidde l^er, whereby die wafer is contaminated and rendoed vahxiess. 

Fieurc 1 is a perspective view of a system 10 inchiding a pumpng plate or lid 11 for a 
conuneraaUy available diemical vapor deposition chamber. Hepun^nngplate U inctadesagas 
injection manifold 12 andagasboxM.Tbegasinjectioninamfold 12 typically inchi^ 
mani&ldl6whichcommiimcatcsv»hhagassouice.agasoulput manifold 18 which communicates 

wiA die gas box 14. and a consiaiit voltage g»a«fient gas feedthnxigh 20 d^ 

Kguio2 is anwqJoded viewof die gasbox 14 of Figure 1 which is RF hot and routes 

proccs»gasfiomdicgaso«*utmani&Wl8todieblockerplate22. The blocker plate 22. in turn. 

chamiels process gas to the gas distiiTjiidonplale 24 where the gases arc evenly dis^^ 

^ftnonghhnodi«dsofholes. An isolator 26 is disposed betweea the -Wihor gas distifliuliw 

jJato 24 and die 'electrical^ grounded" chamber lid 1 1. 

Figuie 3 is a caoss-seoional view of the gas itflcction manifold 12 shown in Figure I thai 

dnnnels process gases fiom die chamber bo<ty gas feedfliough line (not dwwid into die g» 

(See Rgore 2). The gas injection manifold 12 genemUy comprises a gas itqwt manifold 16, a gas 
outputmamfoldl8andaconstaBtvoltagpgtadientfeedfliiough20di5)Osedd«^^ The gas 
inputmanifoldl6andflie gas output manifold ISare typically madeofametal.whereasdieconsto^ 
voltage gradient feeddirough 20 indudes an electrically insulative housing 22. such as quartz or 
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polytettiifluoroefivi««> (PTFE. avaflaWe under Ac trademKkTCFU)N &omD«PotttdcN«an«iir 
& Company of Wamington. Delaware). Gas feed tubes 24 extead fern Ihe gas input manifold 16. 
arou^aicconstartvollagefeedihnw^aO.tothegMoa^iM Acaamicresistortube 
26 is di^wsedaromidtfie gas feedtnbes 24 to pwvide fte constant voltege pafientbetweenthc RF 
hot gas ou^ manifold 18 and Ac dcclrkadly gfoinnded gas input in^ 

ThcdeelricaUyinsulalivehousing22isalsoprovid(riwilhapairofw^ 
or passages 2Sa(Saoent the passage* 30 which lecdve the gas fised tubes 24. Hie wateManying 
channalsaS indnde Bvrater input channel andawto output eham 
fiomtegasinputniamfold Ifiand acoolampooIorchamKl(nmsbovm) wi« 
sssanMylO. Tte coolant pool or channel allows vwter ts heat or cool various parts of tiw lid 
assembly 10. Furthermore, vraterpasang through 4c vw4e«ariying(*^ 
p,o»idclhern«d.iwnagemeotofgasespassiiig«hn)ughthegasfi«dti^ Typically, •water >««11 
be wtbdravrnthiou^ the vraterou^ channel and iecydedloaheat«changesystem(^^ 

that controls the tenqwiature of the water. 

Figure 4 is agas deUvcry system that incoiponites the gas iojection manifold 12 of Figure 
3. ThenactantgasesarepassedthroughthegasmputiMnifi)ldl6,thegasteedtube(s)^ 
constant wllage gradient feedthiou^aO and fte gas output manifoH 18 before being 
tf«0isboxl4ofil>cd«nicalvapordepositionchambeT. The gases aiecooledby passing a liquid 
coolant tlirongh the gas input mamfokll6.afirst liquid chsniri 

output manifold 18 and into the Uquid eoolart pool 32 aifiaeent (lie gas box 14 before le^^ 
li,lMdth»ughthcg»oirtputmanifbldl8.asecondliquidchanK^ 

gas input manifold 16. The coolant U<iuidodling the gas ii^wtmani&ld 16 may be returned to a 
ceolralordediiartedheateKhangesystemorpassedlo another device ordiamberforfarlhercooling. 

However, the system described above in reference to Figures 1-4 suffers from several 
operational limitations. First, it U necessary to dean the gas passagewys of the gas injection 
manifold 12 periodically due to the bufldup of particulate conttminants Hierein. To feciBtate 
tooughcleaning. thegas injecdoomanifoldmusthcdisasenibled. However. vrticnlhedectiically 
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insalalive housing 20ttloosei»diind removed fo^ 16,18. the 

,«te^a,riying pa»gew«ys 28 are cmisc^ 

wound flie equipment WMe it be possiMe to nrimite ihe aniw^ 

evacoatiiMJ the channeU 28 i«or to disassei^ 

bec9USotlievwt«clwiiichdoiiottypicailyKqp« FurtliennDre. the serfs hetweenflic 

«assembledhousiiig20iind eMinputandoutputmani&lds 16.18 thatttraununica^ 
chaaieU 20 miist be eh«dori fist leaks foUownng the mmn^^ 

Aaotha UnAadon of tl» prior BmngHnent is that the ete^ 
ceraadcreastorsandfixdtrf^are typically madefirann^^ 
Consequeotty. Ae tiansfi* of ftetmal energy between fluids is quite low. 

Fiuthenaore, passing the heat exchange fluid through the electrically insuhitive hoixsing 
imposes certain constraints on thediamctcr of the water^anying 
flow late and pressure drop thiDugh the system. 

Figures isanalt«aliveheat«xchangesystem40wMchovereomesseve«loft^ 
statedabove^Mithregwdto system 10 bypioviding flexible wateicoolaDt fluid toh« 42.44 directly 
toandftomthecooUffltpoom Hovvevw. this ahanaflve system 40 does not allow for thentiai 
maaagenie.it of the gas injection maailbld 16 and. therefore. U not snilable for use with certain 
jMocesses, sudi as deposition of tungsten alirade as described abo-vc. 

TTieiefore. there isaneedforachamcal vapor depositionchambeThavinginip^ 
managementoverthegasinjeetionmaoifoldaodBasboit. Iteeisalsoaneedforagasiigection 
mamlbldi»viding impreved heate«tonge belweenaheat ex^ 
entei.«4«diainber. It m»dd be dcsirabte if the gas iiyectioii manifold altowed 
systemtoremaindosed during maintesmce and cleaning of the manifold, 
cieaningpiocedureandavoidingspilla. Itwouldbei5rf«desind,kiftbe,ystcm«liov«dhighcr 
water flow rates and a lovtw pressure drop aaoss the chamber. 
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Smnmaiv #f tl«« IhtmiHoii 

Tbe present iiwenfioninoviUesamelhodMida^^ 
ofga»b«iigdett*«edtoacheiiiicalvapordi?»si^ Tlieniial numagemeni is 

aceomplBhed uang a heat Hansfef fluid in themnal o nmimmira tiw i with the depontion gas 
passagBw^ delrvwii^ As fBses to the diamber fe depoMtioa 

One aspect of the invenaoniBovides a gas injection manifold having gas passageways and 
cooIartHqmd passageways vi*e«inthegaspassagew^ 
gas feedfliroogh and 4m coolBrt liquid passagpwi^ extend only th«^ 
couplcdtoteinlctarioftecanstantwltagcgraificmgasfcc^ The gas Input manifeld 
famadetomamaiMialhavingaWghtheimdconductivitysnchasametal. In this manner, heat 
transferred between wlant fluid and the gas can be optiim^ 

Another aspect of the invention ptovides a coolant I5<juid system for agas iidcction manifold 
wMchrcmainsimact dating mainttnanceanddisassemblyo 

the constant voltage gradient gas feedthtongh. Hiis fa accomplished piimarUy by providing a self- 
contained heat exchanger wiihin the gas input manifold. The gas mputmadfoldisptwided with 
separate liijnidcoolantinletandU<iuidooolantouttet It should also be lecognized that the gps input 
manifold just descdbed will also allow maintenance or disassembly of the coolant Eqoid system 

without requiring disassembly of the gas itqection manifold. 

A&rAet aspect ofteinvHdion provides for oooBngofthe gas iiuectito manifold andto 

gasboxortfae gas distribotionptate, withoutpassingihe cootant fluid through the constant vollage 
gradient gas feedltaough. Heat exchange passages through tiie gas input manifold as wctt as flic 
coolant liipid pool or channdvndiin the gas box or gasdistribudon plate may be openi^ 
orinpaianeL The passage may comprise: holes drilled through the member, sudi as through ttie 
gas input manilWd in close proMmity to the gas passage^ a chamber d«fh«rf between two pa^ 
plates, sudias adjacent the gas boic;orasealcdannulargtoove. such as in the wall surro^ 
gas distribution plate. Flcxftle taWng. such as plastic or rubber hose, may be used to deliver and 
transfer the coolant fluid to and betvreen passages. 
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Each ofthe cooling systeaisoftto present iiivendoapiovidetmi^ 
ofg«dcUve,y 3ystea3toche«riealv^«rdeposMoflch^ Iteima managenent ot 
tempeiBtoecQnirolofaicgasesIs ften necessary or desiiaWe to piwent side i«c^ 
uodearabte dqnsilion wiftinihe gas deUvery qrstein. 

Inyetaaoth««Si*ctoftbomveiifion.a6MiiycctiaBmiaif^ 
aoonsantvoltagcgE^-iientpasirthioughandagaso^^ 
paaa^thiough the gsstapirtnumifoldaodabypass member 

fa bypassing the eonstartyoltag«gBdientgfflfi»dttaougt This bypassing nenber aUowi 
„dnleiian«aaddisas*«iblyof.l«const«mvol^ 

s«lontheeoolartU<pndsy«em. Inone«d«iiment.lhebyp»sshasasecoBd«HlcoupW 
coolant pool in the gas box or a channel intiiogas (fistribufiottplaie. 



Soihattheab(wteatediseaturesaiiaaavaiiMgo>uiu»t..w~. soBcanbeundeistood 

indetaii. a mo«paiticd«<kscriptioa of the inveotton. briefly sumn«^ 

„rffe«ace to the embodiments thereofvduch ate mustnied in the i*p^ ttistobe 

note«i.hov«ver.1faattheqve»«Wd«wingsilh«lr^ 
are4erc£b«=«»otto be considered UnAingofits scope, fbrtheiave^^ 

cflBccdvc embodiments- 




Thep«^tiaventioaptoyidesaaLCthodand.pparan=w»-t»v,u^ 

- I ».nnr <W9nsition cfaandxr. Ibennal managenwot la 
of OSes b«ng deliveied to a chemical vapor Oepofsmn aamwa 

of gwes oemg ,„„„MMcation with the depoatwn gas 

nccnmr"*^ * '^^^ tansfcr flma «n 
p^^^g^dettvenngthegasestottechaoiberfedepositic^ 

"^aspectoftheinventioaproviaesagasNcc^ 
^ jLgh and the coolant U^pnd passageways c,^ 

Z^^^Ltendofthacoostantvoltageg^^e^g. "^"l tT^ 
:L.,^atna.cri.I.*ving.Mghthcrmal«n^^ lath, manner, heat 

«<«fe«dbe.weenthecoolantfltdd««l.tega«c«»beoi*im^ . .^^^Id 

Anotheraspectoftheim^ttionp^mdesacootol^ 
^hichremainslt^duringmait^-Kldi.-^ 

^heate«h..«er*id^theg«i.t,«t.„«^UL Theg^U^^ 
^l^uidcoolan.iMct^HlU.uidcoohmta^I.^-'-be.ecog^^ 
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,,riltomrequiring disassembly of the ipisN 

Uquapool ord^ «Mdnd« gas bOKor gasdisiributionptaie n«y U 
^^'Vigorc 8 is . schen.^ perspective view 3ho«i« 

p^e,80.82andaeool««U^passage52ther^ He passage aih:o«gb*e gas input 
„«„i£61dS4prefer.blycc»^seso«««orcl«.lesdrUW 

pnndHii^ to 4c gas passages 80,82. 

Fig™, ,0 Isaaoss^onal^of the gasbox 14of Figure I in acco«iance ^ fl« 
coolingsys.em50ofFigure6ofthepres«.inve«tioa Tl. passage comprising *ecoolai*b^d 
pool68n«^bcadu«nberdefinedbeW«ent«>p.rall.lpla.es84.863ad«^ 
^gg,90.perh.psdisposedaboveorbclowsc«»pordcnof-«a^^ 

Fig».e9UaperspecaveMewof.gasdislributic«pla«24tevlngBnani^^ 
p.«^94fon.cd.«.«ndi.sc«un^. CooUh. E<,uid«»y be p««.ded1o a coolant liquid 
chamKa.Sudiasasealeda»aalargroave94,disposcdiaach«^ 

*ecirc«n.facoceofthe»«boxorg.sdis«ibuionpUte24. Flerible tubing, sudx as plastic or 
n*b«hosc.«aybeuaedt.deli^andtn»»*r.b.cool3ntfl»id,o««I^ Not 
slK,.ainFiguxe9isan«tiagrh«^chseab4ctcpoftbegroo,e94.but^^ 

96 and ottdct port 98 comnjuoicatiiig vrifli fte groove 94. 

Eachofdvecoolingsysten^oftbcp^entinvenUoaprnvideu^ 
of gas deUvoy syste-^ to chenrical vapor deposition Chamber. Thermal «anag«ne«t or 
tcmperatne contn^l of d« gases is Often nm^ssar, or de^ird^^^ 
uncfcsirable deposition within the gas delivety system. 
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In yet another aspect of the invenfioa, a gas hq'ectkm manifold having a gas input txmm£bld« 
aootistBat voltage gxadi^passtimmghami a gas ou^ manifold arc provided with a cooling liqaid 
passage through the gas ii^iiit manifdld and a bypass monber coined to tfie coolant liquid passage 
for bypassing the constant voltage gzaiieat gas feed&zough. Has bypasang mcn^ allows 
maintenance and disassembly of ooostant voltage gradient gaJfccdihroizgh wi&oixt breaking the 
seal on the coolant liquid system. In one einbodlmcm, the bypass has a sccoaid end coupled to a 
coolant pool hi the gas box or a channel in the gas distribution plate. 

Figure 6 is a perspective view blowing a gas delivery system, 50 for a chemical yspot 
depositioncfaambcrof the jncscnt invention- A liquid coolant is provided to acoolant liquldpassqge 
52 within the gas input manifold 54 and may optionally be passed into acoolant pool 56 adjaceitt 
the gas box 14 or gas distribution plate 24 (see Figure 2). These coolant liquid passages 52^ are 
coupled to ft heat exchange fluid source 58 which provides a fluid at a desired temperature. As 
shown in Figure 6, tbcpicfemcd means for delivering the fluid m and torn the cooling passages is 
using conduits 58,60,62 such as a flexible hose, e.g.. plastic or nibber hose. While the cooling 
passages 52^6 m^ be operated in series or in parallel, it is gcncially prcfcncd that the cooling fluid 
pass through the gas input tnanifold passages 52 and the coolant pool 56 in series, most preferably 
in that order since the magnitude ofheattransfer occurring inthe gas input manifold 54 will typically 
be much less than die heal transfer occurring betweca the coolant pool 56 and either the gEC box or 
gas distribution plate. 

Figure 7 is a schematic top view ofa coolant liquid pool 56. The liquid pool 56 includes an 
inlet port 64 and an outlet port 66 to a substantiaUy annular chamber 68. In accoidance wiOi the 
invention, it is picfcned that the annular chamber 6S include a radially disposed wall 70 Mrtairffng 
fiom the hmer annular sm&ce 72 to the outer annular surfece 74. This wall 70 forces the coolant 
fluid to t^atong arcuate path tfarov^d» pool 56 befbie exiting the coolant liquid ouflet^^ 
As shown, the coolant liquid inlet and outlet ports 64»66 arc preferably disposed adj acent opposing 
sides of the wall 70. It dwuld be recognized that other walled arrangements may be provided to 



tnctease the drcalalion of fluid. itisanticiHted tothcse vmlbo«idbwludeq)iral8,setpe^ 
and the like without departing from the scope of the present invention. 

Tlic coolant liquid used in the present inveolianm^ be provided by any known system 
which can provide ttquid at a desfacd tempcratujc, Particularfy, the system may include heat 
eMchangeis, either dedicated or centKalizsd, that provide a contim]^ 

at a rdadvcly constant tcnqxwature. These systems ue typically located outside (he clean room 
cnviionmMit and may inchidc continuoua cttcutatton loops providiug coolant liquid to a plurality of 
devices. 

While the foregoing is directed to apnrfetred cmbodimcntof the prcsralmvcntion, odicrand 
fl2rdicrcmbo<fimeat3 of the invention may be devised without departing fromthe basic scope thereof, 
and the scope thereof is determined by tiie claims which follow. 



4. Brief Description of Drawings 
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Figure I is a pcrspccthrt^ view of the Ud portOT 
tonpcnmirc conttoUcd dislribiaion pla^ 

Figaic 2 is a expanded diagram depicting the conq^^ ftegaadistriVotimi system of 

the Ud depicted in Figure I; 

Figaie3 isacross-«ctlaial viewofthcgasinjectiDnnumfoUl 

Figure 4 is a sctenatic flow diagram of a goa ddiveiy system inciuding tbc gas iiijecdott 
manifold of Figure 3. 

Flguie5isa9chemadcflowdiagramofaiiotfaerga$d^iv«^ 

manifoU widiom liquid oodflot passages. 

Figure 6 is a schemadc ftow cfiagxam of a gas delivery 5^ 

Figure 7 is a achetnalic view a coolant liquid pool 

Figure 8 is a schcniatic perqiecdvo viewdM)^ 
and a coolant tiquKi passage thodfaxou^ 

Figure 9 Is a perspective view of a gas distribution pl^ 



Figure lOisactoss^Qoal^oftbegasbaxofFigurc 1 In accordance wifli the oooUng 
system of Figure 6 of tlie present mveotioa. 
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1 . Abstract 



ABSTRACT OF THE DISCLOSORK 

o{g^b^d.^t>,^dxcn^y^^<^-'^^- Ttetmai managcn^nl U 
aceompUshed using a heat transfer a»d i» co^^ 

p.«3a8=««9sdc!ivering.tagas».othed«-d^ T1«g«iaiecdoa««aifo!dmcl«le, 

oo«Dmtvota8eEndcntgasftcd±ro«g!i«Mti«coob^ 
input«amfbMcoupledtotJ.e«let«adof««cons.«*volta8P8«^ 

coo«an:vota«egn«liemg«.feedfl«^ 



2. Representative Drawing 
F i g - 1 



